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（Antigen presenting cell, APC），并且是唯一能诱导初始 T 细胞发生极化的细胞，
不同抗原刺激过的 DC 对初始 T 分化的作用不同。在早期梅毒皮损区域发现有大
量树突状细胞，巨噬细胞及表达 INF-γ 样单核淋巴细胞，而细胞间具体相互作用
的机制并不明朗。本研究在体外用血液中单核细胞经巨噬细胞-粒细胞集落刺激
因子（Granulocyte-macrophage colony-stimulating factor, GM-CSF）和白细胞介素
4（Interleukin 4, IL-4）诱导为树突状细胞，经梅毒螺旋体抗原刺激后与初始 T 细
胞共培养，模拟体内微环境，研究在梅毒螺旋体刺激下树突状细胞表型及成熟度
的变化，并且刺激过的 DC 将抗原呈递给初始 T 之后会引起何种方向的分化，以
期阐明梅毒的免疫抑制及持续感染的分子机制。取得如下研究结果： 
（1）通过 GM-CSF 和 IL-4 联合诱导的 DC，形态良好，成簇状分布，边缘
有树枝状突起，CD1a 表达含量高。梅毒螺旋体刺激之后 DC 表面成熟因子 CD83
表达量迅速升高，CD80、CD86、HLA-DR 都有升高。 
（2）梅毒螺旋体刺激后的 DC 与初始 T 共培养，14days 时能分化出大量 Th1




可单独诱导初始 T 分化，从而加强对梅毒螺旋体的清除。为基于 DC 及 T 细胞
的免疫治疗方案提供实验依据。 
















Syphilis a sexually transmitted infection (STI) caused by the bacterium 
Treponema pallidum subspecies pallidum. It is a worldwide problem. Some 36 
million people are currently infected with syphilis worldwide, with 12 million new 
cases reported every year. The high prevalence of syphilis across the globe is closely 
related with its specific immune mechanisms. In vitro studies it has showed that 
dendritic cell (DC) and macrophages will engulf T.pallidum. DC is most effective 
professional antigen-presenting cells (APC) in the body, and is the only cell that can 
induce initial T cells polarization. DC stimulated by different antigens can caused 
different polarization directions. A large area of dendritic cells, macrophages and 
expression of INF-γ-like mononuclear lymphocytes were found in lesions of 
secondary syphilis. But specific cell-cell interaction mechanism is not clear. In this 
study, we used dendritic cells induced by IL-4 and GM-CSF in vitro as model cells. 
When DC stimulating by T.pallidum antigen co-cultured alone with naive T cells in 
vitro, we simulated in vivo microenvironment to study which changes will happen on 
dendritic cells’ phenotype and maturity after stimulation, and the differentiation of 
naive T in order to clarify the immunosuppressive and molecular mechanisms of 
persistent infection on syphilis. Following results were achieved： 
(1) DC induced by GM-CSF and IL-4 have good shape, tufted distribution, and 
edged dendritic processes, expressing high CD1a content. T.pallidum stimulation can 
promote the maturation of dendritic cells. Immature dendritic cells have strong 
phagocytosis while mature dendritic cells are week. DC maturation factor CD83 
increased rapidly after T.pallidum stimulating, CD80, CD86, HLA-DR also increased. 
(2) When co-cultured DC stimulating by T.pallidum with naive T after 14days, a 
large number of Th1 cells generate, with a small amount of treg cells. It explans that  















infection ,suppressor cells gradually play an important role. This paper demonstrates 
that DC is a bridge in immunity in syphilis, and can be used alone to induce 
differentiation of naive T. It provides experimental evidence for immune therapy 
based on the DC and T cell. 
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缩写 全称（英文） 全称（中文） 
T.pallidum  Treponema pallidum 梅毒螺旋体 
STD Sexually transmitted disease 性传播疾病 
RPR Rapid plasma reagin test 快速血浆反应素环状卡片试验 
TPPA Treponema pallidum particle assay 梅毒螺旋体明胶颗粒凝集试验 
HIV Human immunodeficiency virus 人类免疫缺陷病毒 
NK  Natural killer cell 自然杀伤细胞 
PBMC Peripheral blood mononuclear cell 外周血单个核细胞 
MHC Major histocompatibility complex 主要组织相容性复合体 
DC Dendritic cells 树突状细胞 
iDC Immature dendritic cell 未成熟树突状细胞 
mDC Mature dendritic cell 成熟树突状细胞 
pDC Plasmacytoid dendritic cell 浆细胞性树突状细胞 
APC Antigen presenting cells  抗原递呈细胞 
Th T helper cells 辅助性 T 细胞 
TGF-β Transforming growth factor-β β-转化生长因子 
Treg Regulatory T cell 调节型 T 细胞 
Foxp3 Forkhead box P3 叉头转录因子 3 
IL Interleukin 白细胞介素 
IFN Interferon 干扰素 




FCM Flow cytometry 流式细胞术 
FITC Fluorescein isothiocyanate 异硫氰酸荧光素 















PE-Cy5 Phycoerythrin- cyanin 5 藻红蛋白-花青素 5 
PMA Phorbol-12-myristate-13-acetat 佛波酯 
HLA Human leukocyte antigen 人类白细胞分化抗原 
RNA Ribonucleic acid 核糖核酸 
FCS Fetal calf serum 胎牛血清 















第一章  绪论 
梅毒（Syphilis）是由梅毒螺旋体（Treponema pallidum）感染引起的一种慢
性经典的性传播疾病（Sexually transmitted disease, STD），可导致神经、心血管、
骨骼等多系统的不可逆性损伤，甚至威胁生命。据世界卫生组织统计，每年有
3.4 亿新增的性传播疾病，如沙眼衣原体病，淋病，梅毒和毛滴虫[1]。其中梅毒





































2000 年以来升高超过一倍，其中男性患者比例显著增加。近 10 年来中国的梅毒
发病率也增长迅猛[10]。自从于 16 世纪初传入我国，梅毒一直未被完全消灭。1949
年国家采取一系列措施如有效宣传，广泛有力的筛查，关闭妓院以及为性服务人
员提供免费治疗等，终于在 19 世纪 60 年代基本消灭了梅毒[11]。然而随着改革开
放的不断进行，梅毒再次成为严重危害公众健康的问题之一[12]。梅毒的居高不
下的增长趋势已使之成为我国乃至世界高度关注的公共卫生问题[2]。研究已指出
梅毒与人类免疫缺陷病毒（Human immunodeficiency virus, HIV）感染彼此密切
相关[13]，美国近期增加的大部分梅毒病例出现在男男性行为者（MSM）中，在
















































出现 IgG 和 IgA，且 IgG 的含量除早期外都远大 IgM [22]。尽管二期梅毒患者体




吞噬和消化梅毒螺旋体。在感染 6 天之后 T 细胞起主要作用，T 细胞浸润区于
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